The ambident cations of propyne iminium trifluoromethanesulfonates (triflates) 1 react with triphenyl-or tributylphosphane exclusively in a conjugate addition to form highly moisturesensitive [3-(dialkylamino)allenyl]phosphonium triflates 2 and 4. Allene 2f, bearing a methyl group at the enamine α-position, rearranges to form (3-morpholinobuta-1,3-dienyl)phosphonium salt 3 under the reaction conditions. The rather electron-rich allenes are easily protonated by triflic acid to form dicationic 3-phosphonio-prop-2-ene iminium bis(triflates) 5, one of which (5a) was characterized by X-ray crystal structure determination. Hydrolysis of the allenes yields (3-oxoprop-1-enyl)phosphonium triflates 6 (-+ PPh 3 ) or 8 (-+ PBu 3 ). Salts 6 can also be prepared by simultaneous addition of PPh 3 and triflic acid to acetylenic ketones. Salts 2 are converted thermally into 1,2,3,5-tetrasubstituted pyrroles 10; this reaction can be used for a PPh 3 -mediated conversion of propyne iminium salts 1 into pyrroles 10 without isolation of the allenylphosphonium salt intermediate.
Introduction
The conjugated π-system of acetylenic iminium (= propyne iminium) ions can accept nucleophiles at either the iminium carbon atom or the conjugate acetylenic position, resulting in the formation of propargylamines or aminoallenes, respectively. 1 Recently we have reported that
propyne iminium triflates react with neutral phosphorus nucleophiles such as Ph 2 P-SiMe 3 and Ph 2 P-OSiMe 3 in a conjugate addition to form ultimately (dialkylamino)allenyl phosphanes and phosphanoxides, respectively. 2 Under thermal conditions, these aminoallenes are readily hydrolysis has been mentioned. 9 According to their MNDO calculations, the + PPh 3 groups in this system act solely as σ, not as π acceptors. Some characteristic spectroscopic data of allenes 2 and 4 are given in Table 1 . In the IR spectra, the C=C=C valence vibration appears as a weak absorption in the range 1886-1907 cm -1 . The 13 C NMR signal of the central allenic carbon atom in 2a-e is observed in the δ range 215-233 ppm, corresponding to a low-field shift by about 19-26 ppm relative to the analogous aminoallenes where the + PPh 3 substituent is replaced by a phenyl group. 7, 8 Due to the enamine substructure, allenes 2 are readily protonated at the central allenic carbon atom to form the dicationic 3-(triphenylphosphonio)propenyl iminium bis(triflates) 5 (Scheme 2). In fact, salts 5 were occasionally found as by-products in the preparation of 2 from 1 when the latter were contaminated with traces of triflic acid. More conveniently than from allenes 2, salts 5 can be prepared in one step from propyne iminium salts 1 by simultaneous or successive addition of PPh 3 and triflic acid at low temperature. While salts 5a,b,g could be isolated in 72-94% yield, this was not the case for cyclopropyl-substituted salt 5d. NMR spectra indicated that 5d maintained a solution equilibrium with small amounts of allene 2d, and a separation of the salts was not possible. Characteristic NMR data of dicationic iminium salts 5 are given in Table 2 . In all cases, only one diastereomer was detected and the magnitude of the 3 J(P,H) coupling constant of the olefinic proton signal suggested a cis-relationship, 10, 11, 13 i.e. the E-configuration at the olefinic bond. This conclusion was confirmed by an XRD analysis of 5a ( Figure 1 ). The torsion angles indicate considerable steric strain in the cation, as the conjugated propene iminium backbone is far from planarity and significant deviation from coplanarity is also found around the C1=N + and C2=C3 double bonds. Figure 1 . Solid-state structure of 5a. Ellipsoids of thermal vibration are shown at the 20% probability level. Hydrogen atoms except 2-H are omitted. One of the two triflate anions is disordered over two positions. Selected bond lengths (Å) and angles (°): P1-C3 1.830(2), C1-C2 1.485(3), C2-C3 1.332(3), N1-C1 1.295(3); C3-C2-C1 123.5(2); C2-C3-P1 119.6(1), C2-C3-C14 122.8(2), N1-C1-C2 118.8(2), C8-C1-C2 118.6(2). Torsion angles (Å): N1-C1-C2-C3 138.1(2), C1-C2-C3-P1 171.2(1), C4-N1-C1-C2 -13.5(3), C7-N1-C1-C2 165.1(2). Table 2 . Selected NMR data of 3-(triphenylphosphonio)propene iminium bis(triflates) 5 (CDCl 3 , δ (ppm), J (Hz) in parentheses) Hydrolysis of (aminoallenyl)phosphonium salts 2 leads to (3-oxoprop-1-enyl)phosphonium triflates 6, e.g. 2a → 6a (Scheme 3). Analogously, (3-morpholinobutadienyl)phosphonium salt 3 is hydrolyzed to form 6b. In both cases, only the E-configuration at the olefinic bond was detected by NMR. The same products are obtained by hydrolysis of the dicationic iminium salts 5. (3-Oxoprop-1-enyl)phosphonium salts can also be prepared from acetylenic ketones or esters, PPh 3 , and mineral acids.
11,12 Accordingly, we have prepared vinylphosphonium triflates 6a,c,d,e from the corresponding alkynones 7, PPh 3 and HOTf. The reaction was also successful when PBu 3 was applied, furnishing salt 8 which was also prepared by in-situ hydrolysis of the allene formed from 1a and PBu 3 . In contrast to the hydrolysis of aminoallenes 2 and dicationic iminium salts 5, the alkynone route provided either the E or the Z isomer or mixtures of both (Table 2 ). Similar observations were made when mineral acids rather than HOTf were used. 11, 12 In the case of 6d, the initial product was identified as Z-6d which underwent slow isomerization in solution to provide an E/Z mixture. Table 3 for individual compounds. h From 1a; alternatively from 7a (yield n.d.).
The [3-(dialkylamino)allenyl]phosphonium salts 2 undergo a thermally induced transformation into pyrroles 10 (Scheme 4). In mechanistic terms, this reaction is likely to proceed via α,β-unsaturated azomethine ylides 11 which undergo a 1,5-cyclization to form dihydropyrroles 12, followed by elimination of PPh 3 and triflic acid. The analogy to our previous synthesis 3 of pyrroles from (aminoallenyl)diphenylphosphanes or (aminoallenyl)diphenylphosphanoxides is obvious. Another pyrrole synthesis based on unsaturated azomethine ylide cyclization has been developed by Gupton et al. who generated the azomethine ylide intermediates from 3-chloropropene iminium or vinamidinium salts and (Nsubstituted) glycine esters. Examples of the PPh 3 -modification of our previously developed pyrrole synthesis are given in Table 4 . Given the notorious moisture-sensitivity of allenes 2, we have usually refrained from their isolation and have performed the pyrrole synthesis directly from propyne iminium salts 1 via in-situ generated allenes 2 (Scheme 4). In some cases, we have gone one step further and have not even isolated the (also moisture-sensitive) iminium salts 1; rather, the multi-step synthesis of pyrroles 10 from enaminoketones 9 has been performed in one pot without isolation of any reaction intermediates. Although the yields of pyrroles 10 were only moderate in most cases, we have not been able to isolate any other product; however, products from the hydrolysis of intermediate allenes (see above) could be detected by 1 H NMR septroscopy in most of the crude reaction mixtures.
It should be noted that not all examples in Table 4 represent an overall synthesis of pyrroles from enaminoketones. While propyne iminium salts 1a,g,h,i are derived from enaminoketones, salts 1j,k were obtained from alkynyl imines. Thus, pyrroles 10j,k can be prepared in two steps from alkynyl imines. Recently, a direct Cu(I)-mediated conversion of alkynyl imines into pyrroles has been described; however, it is limited to substrates bearing a CH 2 group at the acetylenic bond. 16 The results reported in Table 4 are commented as follows: a) Although PPh 3 seems to furnish somewhat lower yields in comparison to Me 3 SiO-PPh 2 /LiCl as activator, 3 (e.g. 10a: 13 vs. 24%), it has the advantage of being the more convenient reagent. b) We have replaced triphenylphosphane by polymer-supported triphenylphosphane in the hope of facilitating the work-up of the product mixture. However, this led to reduced yields in all tested cases; furthermore, removal of the finely divided solid polymer by simple filtration was hardly possible and centrifugation was required. c) The 3-trimethylsilyl-substituted pyrroles expected from 1i and 1j could not be isolated, obviously because of rapid protiodesilylation by the HP + Ph 3 cation formed in the reaction. In conclusion, we have prepared and characterized novel [3-(dialkylamino)allenyl]phosphonium triflates. These salts are readily protonated at the central allenic carbon atom, giving rise to dicationic 3-phosphonio-substituted propeniminium salts, and are hydrolyzed to form (3-oxoprop-1-ene)phosphonium salts. In a synthetically useful application, they occur as reaction intermediates in a PPh 3 -mediated synthesis of 1,2,3,5-and 1,2,5-substituted pyrroles, including a-anellated pyrroles, from propyne iminium triflates.
Experimental Section
General Procedures. The following spectroscopic and analytical instruments were used. NMR: Bruker DRX 400 ( 1d,e, 6 and 1g 13 were prepared by published procedures. could be separated by addition of absolutely dry ether (5 mL) followed by scratching the flask wall with a metal spatula to induce crystallization and filtration under inert atmosphere. The desired product was precipitated from the solution by addition of more ether. The supernatant solution was removed with a pipette, and the solid residue was washed with abs. ether to leave highly moisture-sensitive pale-yellow allene 2a (0.56 g, 73%), m.p. 81 °C (dec. 
General procedure for dicationic salts 5
A solution of propyne iminium salt 1 (0.50 mmol) in CH 2 Cl 2 (10 mL) was cooled at -78 o C and PPh 3 (0.13 g, 0.50 mmol) was added in one portion. After stirring for 2 h at -78 o C, trifluoromethanesulfonic acid (0.04 ml, 0.50 mmol) was added and the mixture was allowed to warm to room temperature overnight. The solvent was evaporated at 0.001 mbar, and the solid residue was dissolved in CH 2 Cl 2 and precipitated again with ether. 
[(E)-1,3-Diphenyl-3-triphenylphosphonio-prop-2-enylidene]morpholinium bis(trifluoromethanesulfonate) (5a

[(E)-3-Cyclopropyl-1-phenyl-3-triphenylphosphonio-prop-2-enylidene]dimethylammonium bis(trifluoromethanesulfonate) (5d).
A mixture of 5d and allene 2d was obtained (5d:2d = 88:12 in CDCl 3 at 300 K) which could not be separated. Addition of HOTf to this mixture led to an increase of 5d but full conversion was not achieved. NMR data of 5d: 1 
Hydrolysis of aminodiene 3. [(E)-3-Oxo-1-(4-tolyl)-but-1-enyl]triphenylphosphonium trifluoromethanesulfonate ((E)-6b).
A solution of 3 (1.60 g, 2.50 mmol) in acetonitrile (10 mL) containing a few drops of water was stirred for 24 h. The solvent was replaced by CH 2 Cl 2 and ether was added to obtain a precipitate which was isolated and dried at 0.001 mbar/20 o C. 
General procedure for reaction of alkynones 7 with PPh 3 and HOTf
A solution of alkynone 7 (1.00 mmol) in CH 2 Cl 2 (3 mL) was cooled at -78 o C, and PPh 3 (0.26 g, 1.00 mmol) and trifluoromethanesulfonic acid (0.09 mL, 1.00 mmol) were added successively. The mixture was brought to room temperature while stirring overnight and then ether was added to obtain a precipitate of the propenylphosphonium salt which was pure by NMR spectroscopy.
[ [
(E)-3-Oxo-1,3-diphenyl-prop-1-enyl]tributylphosphonium trifluoromethanesulfonate (8).
A brown oil separated after addition of ether from which yellow crystals were obtained after several weeks. The supernatant solution was removed with a pipette, and the crystals were washed with ether and dried. Alternative synthesis. A solution of propyne iminium salt 1a (1.06 g, 2.50 mmol) in dry CH 2 Cl 2 (20 mL) was cooled and tributylphosphane (0.62 mL, 2.50 mmol) was added. The solution was allowed to warm to room temperature overnight and concentrated to a volume of 10 mL. Ether and a few drops of water were added and the mixture was set aside until yellow crystals had formed which were isolated as described above (0.57 g, 41% Preparation of pyrroles 10 a) From a propyne iminium triflate 1 (method A). A solution of 1 (2.5 mmol) in dry CH 2 Cl 2 (15 mL) was cooled at -78 °C and triphenylphosphane (0.66 g, 2.5 mmol) was added. After complete dissolution of the phosphane, the solution was brought to room temp. overnight. Eventually, the mixture was then heated at the temperature given in 
